Evaluating the performance of public transportation systems facilitates operational improvement and strategic decisions. The purpose of this study was to evaluate the relative performance of 26 public urban transportation organizations in India using various criteria. We grouped these 19 criteria as Operations, Finance, and Accident-based. First, we evaluated the importance of these criteria groups using the Analytic Hierarchy Process (AHP). Then, we evaluated the organizations (Decision Making Units, DMUs) using various criteria within each criteria group using Data Envelopment Analysis (DEA). Finally, a Transportation Efficiency Number (TEN) was developed that quantified the overall performance of the DMUs considering the 19 criteria. Included is a discussion on the applicability of this approach, thus helping practicing managers understand the lacuna, if any, and set mutual benchmarks and benefits from the experience of others. This approach helps make strategic decisions for policy-making and achieves better results.
Introduction
In India, more than 30 percent of the population lives in an urban area. Road public transport and railways are the commonly-used modes of local transportation. Hand-pulled, cycle , and auto rickshaws, taxis, and hired two-wheelers (in the state of Goa) are examples of privately-operated road public transport. Buses and specially-designed Bus Rapid Transit Systems (BRTS) are shared modes of local transportation. Various government bodies (such as the state government or municipal corporations) manage the shared mode of road transportation. In this paper, the shared mode of transportation is called a road public transportation system.
Literature Review
Evaluating the performance of a road public transport system is essential for making suitable amendments in its improvement strategy. Various studies have been carried out for evaluating performance in this area. For instance, Cruz et al. (2012) evaluated the performance of urban transportation in Portugal. To evaluate the efficiency of 52 small and 43 big cities, Data Envelopment Analysis (DEA) was used. The authors used four different DEA-based efficiency-benchmarking models. Holmgren (2012) conducted a stochastic frontier analysis-based study to evaluate the efficiency of public transport systems in Sweden. This analysis was based on the data collected from 1986 to 2009 to illustrate the change in efficiency over time. The reasons for development in the region were the emphasis on highly-dense routes and effective implementation of environmental and safety standards. Yu and Fan (2009) applied a Mixed Structure Network Data Envelopment Analysis (MSN-DEA) model to evaluate the performance of multimodal bus transit in Taiwan. This model represents a consumption process and was used to estimate the production efficiency, service effectiveness, and operational effectiveness of multimodal transit firms. To study the logistics strategy implemented in Guatemala and the United States, an empirical study was conducted by McGinnis et al. (2012) . It appeared that the logistics managers in Guatemala were more inclined towards marketing and information strategies rather than process-driven strategies. To measure the service quality in urban bus transport, Barabino et al. (2012) applied a modified SERVQUAL model. The main purpose of the study was to develop an evaluation tool to verify the service quality standard offered. Based on the data collected during a two-week survey, various attributes were confirmed, including on-board security, bus reliability, cleanliness, and bus frequency. With a view toward understanding the areas of improvement of public transportation in Dublin, Kinsella and Caulifield (2011) conducted a survey, the results of which reflected that visitors or newcomers to a city are less concerned with the traditional aspects of public transport service quality and, instead, are more concerned with information and reliability. Another survey was conducted by Sullivan (1984) , which presented some interesting observations about the performance of public surface transportation in the U.S. and Canada. The summary presents the expected developments in the economy and comments on various land use trends. Lin (2010) developed a framework to evaluate the performance of stochastic transportation systems. The research focused on measuring the quality level of a transportation system. The author proposed a performance index to identify the probability of the upper bound of system capacity that equals a demand vector subject to budget constraints. This algorithm, based on minimal cuts, generated maximal capacity to meet demand exactly, given the budget. Then, the performance index was evaluated. Mishra et al. (2012) studied the performance indicators for public transit connectivity in multimodal transportation networks. The objective of this work was to quantify and evaluate transit services in terms of locations for funding, providing service delivery strategies, and assessing the efficiency and effectiveness. The authors illustrated their approach with an example and a network in the region of Washington-Baltimore and claimed to offer reliable indicators as a tool for determining connectivity of the multimodal transportation network. For evaluating the performance in railway, Yu and Lin (2008) proposed a DEA-based framework to estimate passenger and freight technical efficiency and service effectiveness. The authors selected 20 railways for the study and suggested various strategies for improving operational performance.
Some studies that cite exclusive application of DEA (or extensions of DEA) in the area of transportation-related decision-making are briefly presented. Hawas et al. (2012) applied DEA to evaluate the performance of Al Ain public bus service. The evaluation enabled an investigation of the chances of reducing operating costs given the prevailing conditions. The presented approach also helped to demonstrate improvement in performance by minor modifications in the route alignment. Hahn et al. (2013) applied a network-based DEA approach to evaluate the performance of bus companies in Seoul, Korea. The authors simultaneously used both desirable and undesirable output parameters. Several policy decisions made based on this study were the expansion of bus transit systems, additional bus stops, reduction of taxes etc. Sanchez (2009) presented a comparative analysis of public bus transport in Spain. DEA, principal component analysis, and Tobit regression were used for this analysis. The authors showed that efficiency levels are not related to the form of ownership (public vs. private). Another finding of this study indicated six percent surplus resources. Barnum et al. (2007) developed a performance indicator (efficiency score) using DEA and Stochastic Frontier Analysis and illustrated its application to the park-and-ride lots of the Chicago Transit Authority. The authors demonstrated the suitability of the approach from a transit agency perspective to identify sub-unit inefficiencies and claim the usefulness of approach for improving both sub-unit and system performance. Suzuki and Nijkamp (2011) presented an approach by integrating the Distance Friction Minimization model, Context-Dependent model, and Charnes, Cooper, and Rhodes (CCR) DEA methodology. This approach developed a stepwise efficiency-improving projection for conventional DEA. The authors presented an application of the proposed approach for public transport operations in Japan. Liu et al. (2013) presented a literature review on the applications of DEA. This research indicated wide application of DEA in the area of banking, health care, agriculture and farm, transportation, and education. A key feature of this paper was the development of trajectory in each application area through main path analysis. The authors also suggested that two-step contextual analysis and network DEA are the recent trends across applications. Some works apply DEA for analyzing the performance of support systems of transportation systems. In analyzing a downtown space reservation system considering various perspectives (such as service provider, user, and the community), Zhao et al. (2011) presented two DEA-based models, radial and slacks-based. The results showed that the analysis could lead to improved designs of a downtown space reservation system. For analyzing environmental efficiency in a Chinese transportation system, Chang et al. (2013) presented a non-radial DEA model with the slacks-based measure. The results indicated that the environmental efficiency levels in most of the provinces is lower than 50 percent of the target level.
While there is sufficient existing literature to evaluate performance considering different parameters and/or a single criterion, there seems to be a need to conduct a performance study based on various criteria. In the present work, we looked at 19 criteria to evaluate the performance of the public road transportation system in India. We grouped these criteria under three categories-Operations, Finance, and Accident-based. We evaluated 26 state and/or municipal transportation systems (Decision Making Units, DMUs). Using the CCR model of DEA, we evaluated the performance of the DMUs in each category.
This resulted in a performance number by assigning weights (importance) to the criteria groups using AHP. The analysis carried out considered the data compiled over the fiscal year ending March 2011. This paper is organized as follows. In the next section, we briefly explain the DEA and AHP approaches. Then, we discuss the approach for the performance evaluation of various transportation systems in India. Finally, we present discussion and conclusions. Appendix 1 provides a list of DMUs, and Appendix 2 shows the various criteria within each criteria group used for evaluation.
Performance Analysis Tools
Data Envelopment Analysis (DEA) DEA is a well-known non-parametric benchmarking tool based on linear programming. Farrell (1957) initially developed the concept of DEA, and later, Charnes, Cooper, and Rhodes (1978) developed this approach. The CCR model measures the relative efficiency of a set of firms (DMUs) that use a variety of inputs to produce a range of outputs under the assumption of constant return to scale (CRS). In DEA, the aim is to measure the performance of a DMU using the concept of efficiency or productivity, defined as the ratio of total weighted outputs to total weighted inputs. While measuring the performance, this model captures the productivity inefficiency of a firm based on its actual scale size and its inefficiency based on its actual scale (Banker 1984) . The best performing unit in the set of DMUs is assigned a score of 100 percent (1), and the remaining DMUs are assigned a score ranging between 0 and 100 percent (0 and 1) relative to the score of best-performing DMU. DEA forms a linear efficiency frontier that passes through the best-performing units within the group, and all remaining less-efficient units lie off the frontier. The term "efficiency" used in DEA is relative efficiency. The DEA formulation for m th DMU under consideration is as follows:
Where,
Y jn and X in are the j th output and i th input of the n th DMU Analytic Hierarchy Process (AHP) Saaty (1980) initially proposed the AHP, a multi-criteria decision-making tool. AHP has a wide range of applications (Vaidya and Kumar 2006) and involves following steps:
1. Problem decomposition and hierarchy construction: Construct the overall hierarchical structure; identify the criteria.
Determination of alternatives:
Identify the decision alternatives.
Pairwise comparison:
Determining the relative importance of the identified criteria; the decision-maker needs to provide a score as the preferences for each pair in the hierarchy.
Weight calculation and consistency check:
Calculate priority weights for each level using a mathematical normalization method. A consistency ratio also is calculated. The value of a consistency ratio greater than 10 percent indicates that the decisionmaker is not consistent. A review of scores is essential in such cases. In case of group decision-making, a geometric mean of scores is considered.
Hierarchy synthesis:
Integrate the priority weights at different hierarchical levels to allow overall evaluation of alternatives, leading to a decision-making strategy. (In the present study, we conducted a single-hierarchy AHP. Therefore, this step may not be essential.)
Proposed Framework
In this section, we explain the proposed three-phase framework. Initially, using AHP, the weights of the criteria groups were determined. Then, to compute the efficiency within each criteria group, DEA was used. Finally, we computed the Transportation Efficiency Number (TEN) to reflect the overall performance of the DMUs.
Phase 1
Initially, using the AHP approach, we assigned weights to each criteria group in terms of their importance. Group decision-making involving various stakeholders such as commuters, employees, practicing managers, and members of the governing body can be useful in such situations. These values are called Criteria Importance Value (CIV). The CIV for Operations, Finance, and Accident-based group criteria were designated as (CIV)o, (CIV)f, and (CIV)a, respectively.
Phase 2
Within each criteria group, for each DMU, we computed efficiency using the CCR DEA approach. The efficiencies computed for the Operations, Finance, and Accident-based criteria groups were designated as η i o , η i f , and η i a , respectively, where i is the DMU. It should be noted that the criteria within the Operations and Finance criteria groups follow a higher (output-input ratio) is better principle, i.e., benefit criteria. However, the criteria classified under the Accident-based group are cost attributes (lower is better). This can be considered an undesirable output. To accommodate this view, we computed the efficiencies by considering the [TRβ] approach presented by Ali and Seiford (1990) . Here, a large, scalar β is added to each of the undesirable output values such that the transformed values are positive. The transformation is done using the following expression:
Where r is the output and j is the DMU.
Phase 3
For each of the DMUs, we computed TEN as the product of the efficiency and the CIV:
Analysis
In the first phase of the analysis, we assigned weights to criteria groups using a group decision-making approach. A team of three-a commuter, an employee, and a practicing manager-rated the criteria using AHP. A pairwise comparison matrix was determined after considering the geometric mean of the scores of each member. The weights assigned were 0.297, 0.167, and 0.54, respectively, for the Operations, Finance, and Accident-based criteria. Consistency ratios of the scores obtained were within limits.
In the next phase of the analysis, we computed efficiency for each DMU within each criteria group, as indicated in Phase 2 of the proposed framework.
The data required for this study were a compilation from a report by the Ministry of Road Transport and Highways, Government of India (2011) (see Table 1 ). DMUs for this study were various state governing bodies or cities, as shown in Appendix 1. As indicated earlier, the input and output criteria were drawn from the Operations, Finance, and Accident-based groups. Appendix 2 provides brief information about the criteria selected for the analysis. 
Efficiency and TEN
Evaluating the Performance of Public Urban Transportation Systems in India (greater than 75th percentile), it was considered as Better Performer (BtP), whereas if it lies in 3rd quartile (50th-75th percentile), it was considered an Above Average Performer (AAP). Similarly, if the TEN score lies in 2nd quartile (25th-50th percentile), it was a Below Average Performer (BAP), and if TEN value lies in 1st quartile (less than 25 percentile), it was considered a Modest Performer (MP). A Poor performer (PP) DMU was an outlier on the lower side of the score.
In the present case, the values of Q3, median, and Q1 were 0.5045, 0.4605. and 0.4225, respectively. Table 3 shows the classification of DMUs based on their TEN scores. Once the overall classification was carried out, we looked at the Good Performers (GP) in each criteria group. This enabled us to set a benchmark within each criteria group. A GP has an efficiency score equal to 1 in at least one criteria group. These are indicated as follows: We also looked at the Good Performers across the groups, as indicated below: These analyses identified the good DMUs in the specific criteria groups. We observed that there was only one DMU (Kolhapur) classified as a Good Performer in all three criteria groups. Kolhapur also emerged as a Best Performer in an earlier analysis. In total, there were 13 DMUs that can be classified as Good Performers since they have an efficiency score equal to 1 in at least one of the criteria groups. These DMUs may serve as a benchmark (peer) for the other DMUs. Figure 1 shows the distribution of the Good Performers across criteria groups. 
Good Performers within and across each criteria group
We identified the peers for the underperforming DMUs within each criteria group. The term "peers" in DEA refers to a best practice organization (or group of best practice organizations) with an efficiency score equal to 1 with which a relatively less efficient organization is compared. A peer (or a combination of peers) may provide a benchmark for relatively less-efficient organizations. Table 4 presents peers for each of the DMUs for each criteria group. This analysis led to identification of the benchmarks for each of the DMUs. Of note is that in the Accident-based criteria group, Kolhapur alone had an efficiency score of 1 and, thus, was the only peer to the other DMUs. Also, a DMU may have more than one peer in each criteria group. For instance, Ahmedabad could be a benchmark for Andrapradesh, Chandigarh, and Kolhapur for Operations criteria and Andrapradesh, Banglore, Orissa, and Thane for Finance criteria. Assigning of peers was carried out based on practical convenience, i.e., we assigned a peer that was common across criteria groups and with the condition that at least one peer within a criteria group was assigned. In case of a tie, a random peer was selected. With this approach, we assigned Andrapradesh (Operations and Finance criteria groups) and Kolhapur (Operations and Accident-based groups) as the peers for the Ahmeadabad DMU. Table 5 shows the list of the peers assigned to each of the DMUs. It is obvious that if a DMU has itself as a peer, its efficiency score is maximum (=1) in the criteria group under consideration. Next, we set targets by identifying the slack values and selected a slack with minimum effort, in case of multiple slack values for a DMU. We note that these slack values were indicative, and the inferences may vary as the base data are subject to change (dynamic in nature) for the next evaluation year. Practicing managers may be involved in making such decisions.
Conclusions
This study provides an approach for analyzing the performance of 26 DMUs for 19 criteria using DEA and AHP. Usually, carrying out a performance evaluation of 26 DMUs limits the input and output criteria to approximately 9 (i.e., one-third of DMUs). We addressed this limitation by categorizing the criteria into three groups. We arrived at a performance indicator, TEN, after assigning weights (CIVs) to the groups (using AHP).
In this top-down approach of the analysis, we initially computed the overall efficiency (TEN values) for each of the DMUs. This enabled us to understand the performance of a DMU considering all 19 criteria for evaluation. To enable setting appropriate goals, we classified and ranked the DMUs based on the TEN values obtained. Then, we identified the DMUs that excelled in their criteria groups. These DMUs (Good Performers) acted as benchmarks for the other DMUs in the specific criteria group. We assigned each DMU with a peer for each criteria group to closely study, compare, and develop policies and practices. This favors healthy interaction between the DMUs. Later, the practicing manager can seek to understand the slack values. These values serve as a guideline to understand the benchmark for the next year. Further, this enables suitable and appropriate decisions to be made about improving the performance of each DMU.
Although this approach facilitates the decision-maker in understanding the performance of the DMUs and provides a benchmark, this study is not exhaustive. It provides a scope for incorporating various other criteria, such as fuel consumption, maintenance hours, level of service, punctuality, passenger travel time, on-board security, bus reliability, cleanliness, bus frequency, etc. Nevertheless, one can look at this approach as an initial stepping-stone for effectively analyzing the performance of various DMUs.
Output Criteria
• Total Revenue (TR): Revenue earnings in the year, in lakh Rupees.
• Revenue Earned per Kilometer Traveled (RE): Amount of revenue earned per kilometer traveled, in Paise.
• Revenue per Bus (RPB): Average of revenue collected by a bus per day, in Rupees.
• Revenue Earnings Kilometers (REK): Average revenue earned with respect to distance traveled by vehicles, in kilometer, in lakh Rupees.
Criteria under Accident-based Group
Input Criteria:
• Average Fleet Held (AFH): Average fleet (vehicles held) in the year; due to maintenance and other activities, it was not possible to maintain a constant fleet throughout the year.
• Staff Strength (SS): Average work force available during the entire year.
Output Criteria:
• Number of Accidents (NA): Total number accidents during entire year; includes minor accidents.
• Number of Fatal Accidents (NFA): Total number of accidents where there was substantial loss to property or humanity.
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